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“ On the Thermo-Electric Properties of Liquids.” By G. Gore, 
LL.D., F.R.S. Received March 12, 1878 * Read March 28. 

In the “ Philosophical Magazine,” January, 1857,1 published an ac¬ 
count of an investigation on the “ Development of Dynamic Electricity 
by the Immersion off unequally-heated Metals in Liquids,” and observed 
that, if we heat the upper end of a column of an electrically conduct¬ 
ing liquid, the two ends of the column being bounded by plates of the 
same metal, an upward current of electricity is usually produced if the 
liquid has an acid reaction, and a downward one if it is alkaline; and 
I showed, in a brief manner, that this statement was true in various 
instances, provided chemical action was excluded. This latter con¬ 
dition was, in many cases, largely secured by employing platinum 
plates, and avoiding the use of such liquids as corrode that metal. I 
also stated that the currents thus produced did not appear to arise from 
any action of heat or other force in the mass of the liquid. 

I have recently investigated this phenomenon more extensively, em¬ 
ploying, in the first series of experiments, a similar apparatus to the 
one described in that paper, but of a much larger and more effective 
size, as shown below. The circular disks of metal which bounded the 
ends of the glass cylinder were 4f inches in diameter, and the column 

* See ante p. 272. 
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of liquid was 4 inches in diameter and 1^ inch high, and consisted of 
about 12 ounces by measure. The metals employed in this apparatus 
were in nearly all cases either platinum, gold, or palladium.* 



The apparatus was made water-tight, by the aid of vulcanized india- 
rubber washers; but, as those washers affected the electric currents, 
they were covered on each side by others of pure india-rubber, some¬ 
what wider than themselves, secured to them by means of spirit- 
varnish. In some cases, especially for the lower end of the cylinder, 
where the heat did not affect them, washers of the pure rubber alone 
were employed; and, for use with strongly alkaline solutions, the 
vulcanized washers were, in certain instances, previously immersed 
during five or six hours in a hot or boiling and strong solution of 
caustic soda, to remove sulphur, and then thoroughly washed. Nearly 
all the liquids were, previous to using, boiled, to expel dissolved air, 

* Messrs. Johnson and Matthey were kind enough to lend me a valuable pair of 
palladium plates for these experiments. 
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•cooled and filtered; tlie presence of air in the liquid was, however, 
found to interfere but little with the chief results, except with certain 
solutions, or unless the air was large in amount. It is necessary that 
the liquids be clear, for if a solid deposit settles upon the lower plate, 
it interferes with the current. 

In using the apparatus it was essential to screw it together very 
tightly before each experiment, otherwise it became somewhat 
loosened by the influence of the heat upon the upper washers and the 
screws, and the currents were thereby greatly increased in magnitude. 
The quantity of water put into the cistern above the upper plate before 
each experiment was two ounces, and the current of steam passed into 
it raised its temperature from 60° to 210° F. in about seven or eight 
minutes. It was necessary to take the apparatus asunder, and wash the 
plates and washers thoroughly before each experiment, and to remove 
from them every particle of extraneous substance. In many cases the 
gold or platinum plates (but never the palladium ones, because they 
oxidize) were heated to redness before an experiment. The galvano¬ 
meter employed was in nearly all cases an astatic one, with a coil 
•offering a resistance of 100 ohms, and was found to be more suitable 
Ihan others which offered less resistance. 

I examined, by means of this apparatus, a large number of conduct¬ 
ing solutions, in order to include conspicuous instances of the pheno¬ 
mena and exceptional cases, as well as to more completely ascertain 
any sources of interference, and the proper conditions for obtaining 
the most reliable results. Metals or liquids which chemically affected 
•each other were usually avoided, and base metals, and even silver, 
were rarely used. Plates of palladium were found to be much more fre¬ 
quently corroded than those of platinum or gold, and were therefore 
much less suitable for these experiments; they were thus acted upon 
in hot or cold ones of chloride of chromium or per chloride of iron, 
in hot solutions of either chloride of manganese, acidulated ones of 
nitrate or chloride of copper, and in one of iodate of potassium. 
Those of copper were corroded in a hot solution of carbonate of sodium. 
With different liquids, also, different circumstances occurred, which 
interfered with the currents ; in some cases the liquid corroded both 
plates, as with palladium in chloride of chromium or perchloride of 
iron; in others it corroded the hot plate only. In some instances the 
liquids were chemically changed by contact either with the hot plate 
•or the washers, and deposited oxide or basic salt upon them ; for 
instance, perchloride of iron in contact with hot palladium, platinum, 
or gold; or permanganate of potassium in contact with hot platinum 
•or with the washers. With strongly alkaline solutions, the prepared 
washers, and even those formed of pure rubber only, were acted upoii, 
the upper stratum of liquid became slightly yellow, and therefore 
.altered in chemical composition, and the currents were greatly altered 
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in magnitude, especially if the heat was continued until hubbies of 
steam formed against the upper plate. 

During an examination, by means of this apparatus, of nearly all the 
liquids named in this paper, I gradually ascertained the extent of this 
interference of the washers, and found that even the most carefully- 
prepared ones affected, more or less, the magnitude of the currents on 
all solutions which were not neutral, or nearly so, to test-paper; they, 
however, rarely reversed the direction of the current. The degree of 
tightness, also, to which the apparatus was screwed up largely affected 
the quantity of the current in such liquids. 

In consequence of these circumstances, I devised and constructed 
the apparatus here represented, and employed it for the purpose of 
checking the results obtained with strongly alkaline or acid solutions, 
in the one with circular plates ; those obtained with the more neutral 
liquids less required checking. 



The chief part of this apparatus consists of a bent glass-tube (fig. 1), 
with open cup-shaped ends, B and 0, and an open exit-tube, D. This 
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glass vessel, when first constructed, was straight, and the narrow part 
of it, A, afterwards bent by means of a row of Bunsen’s burners. Each 
of the cups contained a ribbon of sheet platinum, E, welded to the 
lower end of a thin platinum tube, E, and coiled into a spiral form, the 
coil resting upon a triangle of glass rod or platinum wire, Gr, placed 
inside each cup; each ribbon employed was 48 inches long and 1 inch 
wide, and weighed two troy ounces; shorter and somewhat wider 
ones would be more convenient, and for the cold electrode a much 
smaller one would probably suffice, but only for use with such liquids 
as offer but little electric conduction-resistance; the hot electrode 
must, however, be large, in all cases, in order to obtain conspicuous 
results. Each of the platinum tubes was tightly fixed in a hole in the 
centre of a bung of cork, which fitted the mouth of the cup, by which 
the electrode might be lifted out; each bung also had a hole in it, for 
the insertion of a thermometer, and a small one, also, for escape of air. 
The ends of thin platinum wires, M, 1ST, for conveying the current to 
the galvanometer, were also fixed securely between the tubes and the 
bungs. The cup to be heated, 0, was surrounded by a brass jacket or 
cistern, H (viewed from the front), and I (viewed from the side), 
provided with an exit-tube, J, and a projecting chamber, K (closed at 
its outer end only), beneath which the flame of a lamp might be con¬ 
veniently applied. The jacket was secured water-tight around 0 
(fig. 1), by fixing upon the narrow part of the glass tube, at L, a split 
bung, of a diameter such, as to tightly fit the lower opening of the 
cistern, and securing the cistern to it water-tight by means of asphalt 
varnish. The jacket was kept concentric with the cup C, by means of 
three pieces of cork fixed between the two vessels at their upper end. 

The exit-tube, D, was provided with a piece of pure india-rubber 
tubing, 15 inches long (fig. 2), provided with a narrow glass funnel, 
O, at its extremity, by means of which both the filling and the 
emptying of the cups, B and 0, was effected; a glass stop-cock was 
substituted for the tubing when liquids which acted upon india- 
rubber were employed. The exit-pipe, J, of the cistern was also pro¬ 
vided with a pinch tap, P, so that the hot water might be quickly 
removed from the cistern after an experiment. Fig. 2 shows the com¬ 
plete apparatus. The glass tube was supported in a vertical position 
by a firm clip-support, which grasped it tightly at the point A, and 
the funnel, O, was held in an elevated position by means of a separate 
clip-support, B, attached by a vertical metal rod to a metal hoop, Q, 
which encircled the cup, B, T is a screen of cardboard, also supported 
by the hoop Q; U, and V, are thermometers. The glass vessel con¬ 
tained about five ounces of solution, and the cistern required about 
three ounces of water. All the sketches are about one-fourth the 
actual linear dimensions. 

In using the apparatus the electrodes were first well cleaned, washed, 
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and drained as completely as possible, heated to redness, coiled, and 
placed in position; the galvanometer connected; the vessel charged 
with the clear and cold solution by means of the funnel, until 
the electrodes were quite submerged; and the deflection of the 
galvanometer needles was also noted. The cistern was then charged 
with water; and as soon as the needles of the galvanometer settled 
at or near zero, a Bunsen’s burner (previously placed beneath the 
projecting chamber K) provided with a regulating tap, was lighted, 
the water heated to boiling, and boiled until the temperature of the 
solution ceased to rise, the deflections of the needles during the 
process of heating being noted. The hot water was then ran out, 
the apparatus allowed to cool, then discharged of its solution, and 
thoroughly washed by pouring abundance of cold water through 
each limb. It usually required about three or four minutes to 
raise the water in the cistern to 212° F.; the liquid in the cup C 
usually acquiring a temperature of nearly 150° F. by that time; and 
it required the water in the cistern to be kept boiling about six or 
eight minutes longer in order to raise the temperature of the inner 
liquid to 200° F., and that was nearly the highest temperature it would 
acquire. 

This apparatus acted very satisfactorily, and enabled me to more 
accurately examine the influence of heat in such actions. The results 
obtained with this form of thermo-electric liquid examiner, confirmed 
in nearly every case, where the currents were feeble, those obtained 
with the other one, and confirmed also so far as regards the chief 
results (viz., the existence and direction of the current) those obtained 
with strongly acid or alkaline liquids, but less frequently confirmed 
with such solutions the relative magnitudes of the currents in diffe¬ 
rent cases; the large cylinder apparatus may therefore be satisfactorily 
employed with neutral solutions, but is not suitable for purposes of 
accurate measurement of the currents, especially of those obtained 
with strongly acid or alkaline liquids. 

Although the experiments made with the cylinder apparatus were 
liable to interferences caused by the washers, as nearly all of them 
gave substantially reliable results, it was desirable to record them in 
the following pages for the purpose of comparison. A sufficient 
number of liquids was examined by means of each apparatus so as to 
include apparently exceptional cases as well as conspicuous and extreme 
instances of the phenomenon; and the following is an abbreviated 
statement of the results obtained, with occasional remarks upon them. 

Behaviour of Different Liquids and Metals. 

A .—In the Cylinder Apparatus. 

In all the experiments with this apparatus, the water in contact 
with the upper plate was raised to a temperature of about 210® F., 
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and the lower plate was at the atmospheric temperature, varying from 
55° to 65° F. In all instances where the temperature is not specified, 
the upper plate was at 210° F. Distilled water was used in making 
all the various solutions, unless otherwise stated. 

Experiment No. 1. 14 oz. by measure of water and 1 oz. of a satu¬ 
rated solution of pure so die carbonate. Platinum plates. Galvanometer 
of 25 ohms resistance. Current {, hot plate positive, deflection *25°. 

No. 2. 7 oz. of water and 7 oz. of the same saturated solution. Pla¬ 
tinum plates. Current } 7*5. 

No. 3. 1 oz. of water and 14 oz. of the same saturated solution. 
Platinum plates. Current \ 10. 

No. 4. Same mixture as in No. 3. Platinum plates. Galvanometer 
of 100 ohms resistance.* Current { 15. (Compare Nos. 39 and 118.) 

No. 5. The same mixture. Silver plates. Current { 15*75. 

Bemarlcs. No sign of corrosion of the plates appeared in either of 
these five experiments. The current increased in magnitude with the 
strength of the solution. 

No. 6. The same mixture. Copper plates. Current { 05*5. The 
upper plate was found corroded after this experiment. (Compare 
No. 164.) 

No. 7. Upwards of forty different experiments were made with pure 
dilute sulphuric acid of seven different degrees of strength, varying 
from 12 oz. of water and 3 oz. of the acid to 14 oz. of water, and 
-/-g- oz. of the acid; and all the mixtures were tried with plates of pla¬ 
tinum, gold, and palladium. The current was upward in every case, 
and the amount of deflection varied from 1^° to 45°. (Compare Nos. 
115, 116, and 117.) The currents were reverse in direction to those 
which would have been produced by chemical action; and were 
strongest with that metal which was the least likely to be chemically 
affected, viz., platinum. 

No. 8. 14 oz. of water and oz. of sulphuric acid. Silver plates. 
Current | 20*5. 

No. 9. 14 oz. of water, and ^ oz. of sulphuric acid. Silver plates. 
Current j 32. 

No. 10. 14 oz. of water and 3 oz. of glacial acetic acid, or 14 oz. of 
water, and either J oz. or oz. of the acid; each mixture being used 
with palladium plates 4 gave very feeble current {; and then, on suddenly 
applying much cold water to the hot plate, a less feeble | current was 
produced. Platinum and gold plates gave similar effects with a mix¬ 
ture of 14 oz. of water and J oz. of the acid. 

No. 11. 14 oz. of water and 4 oz. of thick syrupy solution of ordi¬ 
nary phosphoric acid. Platinum, gold, and palladium plates. Cur¬ 
rent | about *5. Cold water then applied produced in each case a 
feeble } current. 

* This galvanometer was used in all the subsequent experiments. 
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No. 12. 14 oz. of water and \ oz. of pure nitric acid. Platinum 
plates. Current ] 23. Gold plates. Current f 12*5. Palladium 
plates. Current \ *75. Cold water produced a feeble current J. 

No. 13. 14 oz. of water and 1 oz. of pure hydrochloric acid. Pla¬ 
tinum plates. Current f 2. Gold plates. Current f 2. Palladium 
plates. Current \ 2. Cold water produced feeble j, currents. (Com¬ 
pare No. 143.) 

No. 14. 12 oz. of water and 3 oz. of a saturated solution of pure 
boracic acid. Platinum plates. Current | 1*5. Cold water produced 
a weak current ]. 

No. 15. 12 oz. of water and 4 oz. of crystals of sulphate of copper. 
Plates of platinum, gold, or palladium, gave J currents, strong with 
the two first-named metals and feeble with the last ones. (Compare 
Nos. 42, 43, 44, and 113.) 

No. 16. 12 oz. of water, 4 oz. of crystallized chloride of copper, and 
^ oz. of pure concentrated hydrochloric acid. Gold plates. Current 
| 52| at 160° F.° and 48 at 210° F. Cold water produced a very 
strong | current. 

No. 17. The same mixture, with platinum plates. Current f 54J at 
170° F. and 51^- at 210° F. (Compare No. 125.) Cold water strongly 
reversed the current. 

No. 18. The same mixture, with palladium plates. Current J 45 at 
190° F., and 36 at 210° F. Cold water produced a very strong J cur¬ 
rent, and the upper plate was found corroded after the experiment. 
Remarks, These circumstances show that the downward current was 
due to the chemical action excited by the higher temperature. This 
experiment also illustrates the utility of subsequently applying cold 
water to reveal the true effect of heat in cases where chemical action 
interferes. (Compare Nos. 32, 60, and 125.) 

No. 19. 7 oz. of water and 6| oz. of a saturated solution of chlorate 
of copper containing very little free acid. The mixture reddened blue 
litmus paper. Platinum plates. Current f 28 at 195° F., and 15 at 
210° F. Cold water produced a J current. (Compare No. 126.) 

No. 20. The same mixture. Gold plates. Current f 5^ Cold 
water produced a } current. 

No. 21. The same mixture. Palladium plates. Current f 35. Cold 
water reduced the deflection to 0. 

No. 22. A nearly saturated solution of nitrate of copper, not con¬ 
taining any free acid. Platinum plates. Current f 8|. Cold water 
reversed the direction of the current. 

No. 23. The same solution. Gold plates. Current | 2 at 180° J F. 
Cold water produced a J current. 

No. 24. The same solution. Palladium plates. Current | 15|. Cold 
water produced a \ current. 

No. 25. 14 oz. of a nearly saturated solution of cupric nitrate and 
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2|- oz. of pure concentrated nitric acid. Platinum plates. Current 
| 48. Cold water produced a strong j current. (Compare No. 138). 

No. 26. Tlie same mixture. Gold plates. Current f 53. Cold 
water reversed tlie current strongly. 

No. 27. The same mixture. Palladium plates. Current j 56. Cold 
water produced a very strong J, current. The upper plate was found 
corroded after the experiment, j Remarks. A comparison of the results 
of Experiments Nos. 25, 26, and 27, with those of the three imme¬ 
diately preceding ones, shows the effect of the free acid in increasing 
the negative condition of the hot plate. 

No. 28. 14 oz. of water and oz. of pure concentrated nitric acid. 
Platinum plates. Current j 20J at 160° E., and 16J at 210° F. Cold 
water reversed the current strongly. (Compare No. 119.) 

No. 29. The same mixture. Gold plates. Current { 24J. 
Remarks. A comparison of the last eight experiments shows that a 
mixture of an aqueous solution of cupric nitrate with one of nitric 
acid yields stronger currents than either solution alone. 

No. 30. A strong aqueous solution of chloride of chromium. Gold 
plates. Current j 44 at 200° F., and 42 at 210° F. This liquid had 
not been pre-boiled, and therefore many air-bubbles accumulated 
against the hot plate, but appeared to only slightly decrease the 
amount of deflection. Cold water produced a very strong J, current. 

No. 31. The same solution. Platinum plates. Current \ 45 at 
180° F., and 42 at 210° F. Cold water produced a very strong \ cur¬ 
rent. (Compare No. 123.) 

No. 32. The same solution. Palladium plates. Current J, 63. Cold 
water diminished the amount of deflection. Both the plates were a 
little corroded after the experiment, and each equally so. Repetition 
of this experiment yielded similar effects. (Compare Nos. 18 and 
60.) 

No. 33. 14 oz. of water and 1 oz. of acid chromate of potassium. 
Platinum plates. Current j lip Cold water reversed the current. 

No. 34. The same mixture. Gold plates. Current J 4J at 200° F. 
Cold water produced a feeble j current. 

No. 35. The same mixture. Palladium plates. Current j 5^-. Cold 
water produced a feeble { current. 

No. 36. The same mixture, with 1 oz. of dry crystals of chromic 
acid added. Platinum plates. Current { 4^. Cold water first 
slightly increased and then, to a large extent, decreased the current. 
(Compare No. 124.) 

No. 37. The same mixture as in No. 36. Gold plates. Current 
f 1 J. Cold water feebly reversed the current. 

No. 38. The same mixture as in No. 37. Palladium plates. Current 
\ 3 at 120° F., and j 20 at 210° F., and gradually increased to 30 by 
continuance of heat. Cold water first slightly increased and then 

VOL. xxvii. 2 M 
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equally decreased the current. No signs of chemical action were 
observed. 

No. 39. 1 oz. of water and 14 oz. of a saturated solution of sodic 
carbonate. Platinum plates. Current j 12, and gradually increased 
to 25 by continuance of heat. Cold water reversed the current. 
(Compare Nos. 4 and 18.)] 

No. 40. The same mixture. Gold plates. Current { 28, and re¬ 
mained at 28 by coutinuance of heat. Cold water strongly reversed 
the current. 

No. 41. The same mixture. Palladium plates. Current {35, and 
gradually increased to 40 by continuance of heat. Remarks. The 
increase of current by continuance of heat in these three last experi¬ 
ments is not wholly due to an action of the liquid upon the washers. 
(Compare Nos. 112, 121, 142, 145, 149, 151, and 153.) 

No. 42. 12 oz. of water, 4 oz. of crystals of cupric sulphate, and oz. 
of pure concentrated sulphuric acid. Gold plates. Current { 48. 
Cold water decreased the deflection to 30. 

No. 43. The same mixture. Platinum plates. Current f 50. Cold 
water diminished the deflection to 30. (Compare No. 127.) 

No. 44. The same mixture. Palladium plates. Current { 37J-. Cold 
water sent the needles back strongly. (Compare No. 15.) 

No. 45. 2 oz. of water and 12 oz. of a saturated solution of sulphate 
of potassium. Solution very faintly blued neutral litmus paper. 
Platinum plates. Current { If. Cold water produced a feeble 
upward current. 

No. 46. The same mixture. Gold plates. No current. Palladium 
plates. Current { 2-J-. 

No. 47. 3 oz. of water and 12 oz. of a saturated solution of acid 
sulphate of potassium. Liquid strongly acid to litmus paper. Palla¬ 
dium plates. Current { Cold water produced a very feeble { current. 

No. 48. The same mixture. Gold plates. No current. Platinum 
plates. No current, but cold water produced a feeble downward 
current in each case. Remarks. The acid sulphate behaved very much 
like the neutral sulphate in these and other experiments, and both 
behaved like the corresponding chromates. (Compare No. 128.) 

No. 49. 14 oz. of water and |- oz. of crystals of cupric acetate. Gold 
plates. No current. Cold water produced a feeble { current. 

No. 50. The same mixture, with platinum plates. Current { \. 
Palladium plates. No current. Cold water produced a feeble { cur¬ 
rent, in each case. 

No. 5,1. The same mixture, with 3 oz. of glacial acetic acid added to 
it. Palladium plates ; no current. Gold plates ; current { 1\. Pla¬ 
tinum plates; current { 1^-. Cold water produced a downward current 
in all three cases. (Compare No. 122.) 

No. 52. 12 oz. of water and 4oz. of yellow chromate of potassium. 
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The solution was alkaline to litmus paper. Platinum plates. Current 
| 4J. Cold water produced an f current. 

No. 53. The same mixture. Cold plates. Current j 1^. Cold water 
reversed the deflection. 

No. 54. The same mixture. Palladium plates. Current { 2J. Cold 
water produced an \ current. 

No. 55. 14 oz. of water and 4 oz. of dry crystals of sulphate of 
nickel. The solution was faintly acid to litmus paper. Palladium 
plates; no current. Gold plates; current j 1. Platinum plates; 
current j 2f. Probably the washers interfered. 

In all three instances cold water produced feeble j currents. (Com¬ 
pare Nos. 15, 113, and 155.) 

No. 56. A strong solution of chloride of chromium in alcohol. The 
solution was acid to litmus paper. Platinum plates. Current f 10 at 
180° F., at which temperature large bubbles of vapour were formed. 
Cold water produced a strong \ current. Remarks. Probable inter¬ 
ference produced by upper washer. (Compare No. 129.) 

No. 57. 12 oz. of water and 4 oz. of crystals of nitrate of cobalt. 
The solution was strongly acid to blue litmus paper. Platinum plates. 
No current. Cold water produced a feeble J current. 

No. 58. 12 oz. of water and 4 oz. of dry chloride of cobalt. The 
solution strongly reddened blue litmus paper. Platinum plates. Cur¬ 
rent | 37. Cold water produced a very strong J, current. (Compare 
No. 120.) 

No. 59. The same mixture. Gold plates. Current j 38-|. Cold 
water produced a very strong j current. 

No. 60. The same mixture. Palladium plates. Current j 25 at 
160° F., 0 at 180° F., and { 11 at 200° F. Cold water produced a 
rather strong downward current and then an upward one. (For 
similar effects compare Nos. 18 and 32.) 

No. 61. 12 oz. of water and 4 oz. of crystals of sulphate of glucinum.^ 
Solution strongly acid to litmus paper. Platinum plates. Current 
| 1^- at 180° F., and \ at 210° F. Cold water reversed the deflection. 

No. 62. The same mixture. Gold plates. Current \ -§-. Palladium 
plates. No current. Cold water produced a feeble downward cur¬ 
rent in each instance. 

No. 63. 12 oz. of water and 4 oz. of chloride of ammonium. The 
solution was very faintly acid to litmus paper. Platinum plates. 
Current f 1J, and, in a second experiment, j 2|. Cold water reversed 
the deflection in both cases. 

No. 64. The same mixture. Palladium plates. No current. Cold 
water produced a feeble \ current. 

No. 65. 12 oz. of water and 3 oz. of chloride of potassium. Solu- 

* Prepared for me by Dr. H. TrommsdorfF, of Erfurt. 

2 m 2 
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tion neutral to litmus paper. Palladium plates. Current j 6^ at 160° F- 
and 2\ at 210° F. Cold water produced a strong J current. 

No 66. The same mixture. Platinum plates. Current j 10. (Com¬ 
pare No. 130.) Gold plates. Current j 11. Cold water strongly 
reversed the current in each case. 

No. 67. A nearly saturated solution of sulphate of magnesium. 
Neutral to litmus paper. With palladium, platinum, or gold plates, 
no current. Cold water produced a very feeble downward current in 
each case. 

No. 68. 12 oz. of water and 4 oz. of very pure crystals of nitrate of 
lead. Solution was acid to blue litmus paper. Gold plates. Current 
| 1. Palladium plates. Current j f. Platinum plates. Current j 
Cold water reversed the current in each case. 

No. 69. A nearly saturated solution of pure calcic chloride. Neutral 
to litmus paper. Platinum plates. Current {-J. Cold water produced 
a feeble upward current. Gold plates; no current. Palladium plates ; 
current ] Cold water reduced the deflection nearly to zero. 

No. 70. 12 oz. of water and 4 oz. of extremely pure anhydrous car¬ 
bonate of potassium. Platinum plates. Current J 2. Cold water 
reversed the deflection. (Compare No. 121.) 

No. 71. The same mixture. Gold plates. Current j 2f, and 4J by 
continuance of heat. Cold water first increased the deflection, and 
then reduced it nearly to zero. 

No. 72. The same mixture. Palladium plates. Current { 20, and 
increasing by continuance of heat. Cold water sent needles back to 
zero. 

No. 73. 13 oz. of water and 2 oz. of dry chloride of manganese. 
Solution acid to litmus paper. Palladium plates. Current j 58^- at 
180° F., and 41 at 210° F. Cold water reduced the amount of deflec¬ 
tion. There were very faint signs of corrosion of the upper plate. 

No. 74. The same mixture. Platinum plates. Current { 63^-. 
(Compare No. 114.) Gold plates. Current j 63J-. Cold water reduced 
Ihe current greatly in each case. No signs of corrosion, in either in¬ 
stance. 

No. 75. A moderately strong solution of very pure chloride of zinc. 
Solution nearly neutral to litmus paper. Palladium plates. Current 
| f. Gold plates; no current. Platinum plates. Current | J. Cold 
water reversed the deflection in all three instances. 

No. 76. 13 oz. of water and 2 oz. of dry perchloride of iron. The 
solution was acid to litmus paper. Palladium plates. Current \ 7-J at 
120° F., and j 18 at 210° F. Both the plates were corroded, especially 
the upper one. 

No. 77. The same mixture. Platinum plates. Current { 72J at 
210° F. No signs of corrosion, but a film of sesquioxide of iron or of 
basic salt of iron was found all over the upper plate only. (Compare 
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No. 160.) With gold plates, current} 72, and a similar film was found 
upon the upper plate only. Gold water reduced the deflection greatly 
in each, instance. 

No. 78. 14 oz. of water and 2 oz. of crystals of nitrate of potassium. 
Neutral to litmus paper. Palladium plates. Current { f. Cold water 
increased the deflection to 3. 

No. 79. The same mixture. Platinum plates. Current j 1J. Gold 
plates. Current { 2|- at 180° F., and 1^ at 210° F. Cold water pro¬ 
duced a feeble upward current in each instance. 

No. 80. 13 oz. of water and £ oz. of potassic chlorate. Neutral 
solution. Palladium plates. Current j 1. Cold water increased the 
deflection to 3. 

No. 81. The same mixture. Platinum plates ; no current. Cold 
water produced a feeble { current. Gold plates ; no current. Cold 
water had no effect. 

No. 82. 13 oz. of water and 2 oz. of large crystals of sulphate of 
zinc. Solution strongly acid to litmus paper. Palladium plates. 
Current j 2^. Platinum plates. Current { 3. Gold plates. Current 
j 1£. Cold water produced an upward current in each instance. 

No. 83. A saturated aqueous solution of potassic iodate. Strongly 
acid to litmus paper. Palladium plates. Current f 30, and increased 
by continued heat. The upper plate was slightly corroded. 

No. 84. The same .mixture. Platinum plates. Current } 14. Cold 
water decreased the deflection. (Compare No. 132.) 

No. 85. The same mixture. Gold plates. Current { 2£ at 170° F., 
and \ at 210° F. Cold water produced a very feeble \ current. 

No. 86. 13 oz. of water and 1 oz. of sticks of ordinary caustic soda. 
Palladium plates. Current { 68. Cold water reduced the deflection 
only to 60. No signs of corrosion. 

No. 87. The same mixture. Platinum plates. Current { 50. Cold 
water reduced the deflection only to 45. After boiling the washers 
half an hour in a similar mixture, and washing them, current {15. 
By employing new washers of pure india-rubber only, current { 28. 
(Compare Nos. 108 and 148.) The same washers with gold plates, 
current { 4^. Palladium plates, and the same washers, current { 41. 
Cold water reduced the deflection in each of these instances. 

No. 88. The same mixture and washers. Silver plates. Current 
{ 18 at 180° F., and 10 at 210° F. Cold water increased the deflection 
to 25. No signs of corrosion. 

No, 89. 14 oz. of water and 3 oz. of crystals of sodic hyposulphite. 
Solution very feebly alkaline to litmus paper. Platinum plates. 
Current J 9^-. (Compare No. 135.) Gold plates. Current { 6. Pal¬ 
ladium plates. Current { 16. Cold water reduced the deflection in 
each instance. 

No. 90. 14 oz. of water and 2 oz. of nitrate of strontium. Neutral 
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solution. Platinum plates. No current. Gold plates. Current J 
Palladium plates. Current J 1. Cold water produced a very feeble 
upward current in each instance. 

No. 91. 14 oz. of water and 1 oz. of crystals of nitrate of barium. 
Neutral solution. Platinum plates. Current { 1J. Gold plates. 
Current } If. Palladium plates. Current j f. Cold water reversed 
the deflection feebly in each instance. 

No. 92. 14 oz. of water and 3 oz. of baric chloride. Neutral solution. 
Platinum plates. Current { 1J at 200° F. Gold plates. Current { ’1-jjr. 
Palladium plates. Current j 2f. Cold water reversed the deflection 
feebly in each instance. 

No. 93. 14 oz. of water and 1 oz. of crystals of ordinary phosphate 
of sodium. Solution strongly alkaline to litmus paper. Platinum 
plates. Current j 2^-. (Compare No. 133.) Gold plates. Current } If. 
Palladium plates. Current ] 3. Cold water produced a feeble j current 
in each case. 

No 94. 14 oz. of water and \ oz. of crystals of permangante of 
potassium; pure india-rubber washers. Platinum plates. Current 
| 50 at 200° F. Cold water reduced the deflection to zero. A thin 
film of oxide of manganese was found all over the surface of the upper 
plate only, and a line of the oxide upon each plate close to the edge of 
the washers, especially on the upper plate. (Compare No. 161.) 

No. 95. The same mixture. Gold plates. Current J 6 at 120° F., and 
^at 210° F. Palladium plates. Current | 51J at 170° F., and 42 at 
210° F. Cold water reversed the deflection strongly in each case. 

No. 96. 14 oz. of water and 1 oz. of ammonia alum. Solution 
strongly acid to litmus paper. Gold plates. Current \ 1^- at 180° F., 
and f at 210° F. Palladium plates. Current f 1^- at 200° F. Platinum 
plates. Current j 1. (Compare No. 136.) Cold water either reduced 
or reversed the deflection in each instance. 

No. 97. 14 oz. of water and 1 oz. of potassium alum. Strongly acid 
to litmus paper. Palladium plates. Current j 1-J-. Platinum plates. 
Current j 1. Gold plates. Current { 4J. Cold water reversed the 
deflection in each case. 

No. 98. 14 oz. of water and 2 oz. of slightly decomposed iodide of 
potassium. Solution alkaline to litmus paper. Palladium plates. 
Current { 44 at 140° F., and 34 at 210° F. Cold water first in¬ 
creased the deflection and then reduced it to 31. No signs of cor¬ 
rosion. 

No. 99. The same mixture. Platinum plates. Current } 50. (Com¬ 
pare No. 132.) Gold plates. Current} 45. Cold water reduced the 
deflection in each case, and no signs of corrosion appeared. 

No. 100. 10 oz. of water and 4 oz. of a saturated solution of bromide 
of potassium. Solution alkaline to litmus paper. Palladium plates, 
current J 2f. Platinum plates. Current J If. (Compare No. 137.) 
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Gold plates. Current j 2-|. In each instance cold water reversed the 
direction of the current feebly. 

Ho. 101. 14 oz. of water and •§■ oz. of partly dried borax. Palladium 
plates. Current { 2. Gold plates. Current | 2f. Platinum plates. 
Current J 4^. (Compare Ho. 134.) Cold water reversed the current 
feebly in each case. 

Ho. 102. 8 oz. of water and 6 oz. of a saturated solution of chloride 
of strontium. Liquid neutral. Palladium plates. Current \ If. Cold 
water feebly reversed the current. Platinum plates. Current j 2f at 
140° F., and | \ at 210° F. Cold water produced a rather strong 
downward current, and then a feeble upward one. Gold plates ; no 
current. Cold water produced a weak | current. 

Ho. 103. 10 oz. of water and 4 oz. of dry chloride of nickel. Solu¬ 
tion acid to litmus paper. Gold plates. Current j If . Platinum plates. 
Current } 3^. (Compare Ho. 141.) Cold water reversed the current 
feebly in each instance. 

Ho. 104. 3 oz. of dry bromide of copper made into 14 oz. of solution 
with water. Liquid acid to litmus paper. Gold plates. Current j 7|. 
Platinum plates. Current } 75Cold water greatly reduced the cur¬ 
rent in each instance. 

Ho. 105. The same mixture, with 1 oz. of hydrobromic acid of sp. 
gr. 1*45 added to it, to redissolve a little basic salt which had subse¬ 
quently separated. Platinum plates. Current j 73^. (Compare Ho. 111.) 
Sufficient cold water reduced the deflection to zero. 

Ho. 106. 14 oz. water, and 2 oz. of dry bromide of nickel. Acid 
reaction to litmus paper. Gold plates; Current f 42. Cold water 
quickly brought the needles to zero. Platinum plates. Current f 51 
at 200° P. and 48 at 210° P. (Compare Ho. 139.) Cold water pro^ 
duced a strong J, current, permanent for a time. 

Ho. 107. 14 oz. of water and 1 oz. of dry bromide of cobalt. Solu¬ 
tion acid to litmus paper. Gold plates.. Current j 16. Platinum 
plates. Current } 43-g-. (Compare Ho. 140.) Cold water reversed the 
current in each instance. 

Ho. 108. 14 oz. of water, and \ oz. of pure potassic hydrate. Pla¬ 
tinum plates. Current J, 26 at 210° F., increased to 60 by persistent 
heat, and was still increasing. (Compare Hos-. 87, 112,. and 142.) Cold 
water then reduced the current greatly. The washers imparted a 
slightly yellow colour to the upper layer of liquid. Two more experi¬ 
ments were made with this solution, the washers being again digested 
several hours in a strong and hot solution of caustic soda before each 
experiment; the quantity of the electric current diminished in each 
experiment. 

Ho. 109. 14 oz. of water, and 1 oz. of cyanide of potassium. Iron 
plates. Current j 25 at 140° P. Ho signs of corrosion of the plates 
wmre visible. (Compare Hos 145, 167.) 
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Ho. 110. In order to ascertain the effect of entire absence of the 
washers with a strongly alkaline solution, I took the solution of caustic 
soda used in experiments Ho. 86, 87, and 88, and put it into a large 
\/-shaped glass tube of 1-inch internal diameter, containing two large 
platinum electrodes wholly submerged, and suspended by thin plati¬ 
num wires, the ends of the tube being nearly closed by corks, and 
heated one limb of the tube. The hot platinum became positive 5-|° 
at 210° F. By allowing the liquid in the heated limb to come into 
contact with a bung of vulcanized india-rubber, the deflection was 
increased to 40, thus further proving that vulcanized washers were 
liable to interfere with the results. 

Conclusions and Remarks. On classifying and comparing in different 
ways the foregoing results obtained with the large cylinder apparatus, 
we find 1st, that in nearly all cases where the liquid is strongly acid, 
and chemical action is absent, the cold metal is positive to the hot one, 
and the electric current flows upwards. And 2nd, that in nearly all 
those where the liquid is strongly alkaline, and chemical action does 
not occur, the hot metal is positive to the cold one, and the current 
flows downwards; thus affording additional evidence in support of 
the conclusions I drew in my former investigation already referred to 
(see p. 518). 

The nearest approach to exceptions to the above conclusions are in 
the instance of dilute acetic acid (see Ho. 10); solution of boracic 
acid (Ho. 14); acid chromate of potassium (Hos. 38, 84, and 35); 
acid sulphate of potassium (Ho. 47); chloride of potassium (Hos. 65, 
66); (compare Ho. 130); and potassium alum (Ho. 97); (compare 
Ho, 136); but in each of these cases the electric currents were very 
feeble, and may have been due to the influence of the washers. 

Hos. 18, 32, and 60, exhibit rather anomalous results, but in the 
two first of these corrosion of the metal occurred; and in each case 
the metal plates were of palladium, and the solution contained a 
chloride. 

It is important to notice that, provided chemical action is excluded, 
the direction of the current in all the experiments was scarcely at all 
dependent upon the kind of metal , but almost entirely upon that of 
liquid; the only exception to this were Hos. 85, 96, and 102, and 
these were but feeble ones. In the exceptional cases, Hos. 18 and 32, 
chemical action occurred. I therefore conclude that it is the nature of 
the liquid , and not that of the metal , ivhich most determines the existence 
and direction of the current. The magnitude of the current, however, 
is largely affected in many cases by a variation in the kind of metal 
employed, even when no chemical change takes place. 

In some cases, especially with strongly alkaline liquids, the current 
due to the heat is greatly increased by keeping the hot plate at 210° 
F, for some time ; for instance, with palladium in an aqueous solution 



529 


the Thermo-Electric Properties of Liquids. 

of acid chromate of potassium acidified with chromic acid (see No. 
35); with platinum, gold or palladium, in solution of carbonate of 
sodium (see Nos. 39, 40, 41); with gold or palladium in carbonate of 
potassium (Nos. 71, 72); also with platinum in potassic hydrate (No. 
108. See also No. 112). 


B .—In the Bent-tube Apparatus. 

In the experiments with this apparatus, the solution in the cup B 
was at the atmospheric temperature, viz., from 55° to 65° F., and that 
in cup C was raised to between 190° and 200° F., rarely beyond, by 
keeping the water in the outer cistern at a boiling temperature. The 
solutions were not deprived of dissolved air previous to the experi¬ 
ments, because the presence of air had been found to have very little 
effect. 

No. 111. The solution of acidulated cupric bromide of No. 105. 
Platinum ribbons. Cold metal positive 63°. (Compare No. 105°.) 

No. 112. 14 oz. water and \ oz. of pure potassic hydrate. Hot pla¬ 
tinum positive 5° at 200° F., and 31° by persistent continuance of 
heat. (Compare Nos. 87, 108, 142, and 149.) 

Remarks. This result proves that the great increase of the current 
by continuance of heat in Experiment No. 108 was not entirely due to 
the influence of the washers. 

No. 113. 14 oz. of water and 4 oz. of crystals of cupric sulphate. 
Hot platinum positive 3°. (Compare Nos. 15, 42, 43, and 44.) 

No. 114. The solution of chloride of manganese of Nos. 73 and 74. 
Cold platinum positive 39°. No signs of chemical change. (Compare 
No. 73.) 

No. 115. 14 oz. of water, and \ oz. of pure sulphuric acid. Cold 
platinum positive 33°, but diminished to 10 by prolonged heat. (Com¬ 
pare No. 7.) 

No. 116. 14 oz. of water, and 1 oz. of the same acid. Cold pla¬ 
tinum positive and decreased at 200° F. 

No. 117. 14 oz. of water, and 2 oz. of the same acid. Cold platinum 
positive 2^°, and decreased at 200° F. (Compare Nos. 115 and 116.) 
Remarks. In these three last experiments the magnitude of the current 
decreased with the increase of amount of acid present. 

No. 118. 13 oz. of water, and 7^ oz. of a saturated solution of pure 
carbonate of sodium. Hot platinum positive 10§°. (Compare Nos. 4 
and 39.) 

No. 119. The mixture of nitric acid and water of No. 28. Cold 
platinum positive 47|°. (Compare No. 28.) 

No. 120. The solution of chloride of cobalt of No. 58. Cold platinum 
positive 36°. (Compare No. 58.) 

No. 121. The solution of potassic carbonate of No. 70. Hot pla- 
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tiirum positive 26° at 200° F., and increased to 50° by long-continued 
beat. The needles returned to zero on cooling. (Compare bio. 70.) 

No. 122. Tbe acidulated solution of cupric acetate of No. 51. Cold 
platinum faintly positive at 200 F. (Compare No. 51.) 

No. 123. Tbe aqueous solution of chloride of chromium of Nos. 30 
and 31. Cold platinum positive 48°. Needles returned to zero on 
cooling. (Compare No. 31.) 

No. 124. The acidulated solution of acid chromate of potassium of 
No. 36. Cold platinum positive 32°. (Compare No. 36.) 

No. 125. The acidulated solution of cupric chloride of Nos. 16 and 
17. Cold platinum positive 52° at 200° F., and increased to 56° by 
continued heat. (Compare No. 17.) 

No. 126. The aqueous solution of cupric chlorate of No. 19. Cold 
platinum positive 26°. (Compare No. 19.) 

No. 127. The acidulated solution of blue vitriol of Nos. 42, 43, and 
44. Cold platinum positive 42°. (Compare No. 43.) 

No. 128. The solution of acid sulphate of potassium of No. 47. Cold 
platinum feebly positive 4° at 200° F., and decreased by continued 
heat. (Compare No. 48.) 

No. 129. The solution of chloride of chromium in alcohol of No. 56. 
Hot platinum positive 1-^° when the alcohol began to boil. (Compare 
No. 56.) 

No. 130. The solution of chloride of potassium of No. 65. Cold 
platinum positive 20° at about 180° F., and declined to 14 at 200° F. 
(Compare No. 66.) 

No. 131. The saturated solution of potassic iodate of No. 83. Cold 
platinum positive 5° at 200° F., and increased to 14 by continued heat. 
(Compare No. 84.) 

No. 132. The solution of iodide of potassium of No. 98. Hot pla¬ 
tinum positive 23°, and increased to 37° by long continued heat. 
(Compare No. 99.) 

No. 133. The solution of phosphate of sodium of No. 93. Hot pla¬ 
tinum positive 5° at 200° F. by continued heat. (Compare No. 93.) 

No. 134. The solution of borax of No. 101. Hot platinum posi¬ 
tive 3° at 200° F. (Compare No. 101.) 

No. 135. The solution of hyposulphite of sodium of No. 89. Hot 
platinum positive about 20° at 200° F., and increased to 38 by con¬ 
tinued heat. (Compare No. 89.) 

No. 136. The solution of ammonia alum of No. 96. Hot platinum 
feebly positive lf° at 200° F. by continued heat. (Compare No. 96.) 

No. 137. The solution of potassic bromide of No. 100. Hot platinum 
positive 7^° at 200° F. by continued heat. Compare No. 100.) 

No. 138. The acidulated solution of cupric nitrate of No. 25. Cold 
platinum positive 40° at 190° F., and increased to 44° at 200° F. by 
continued heat. (Compare No. 25.) 
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, No. 139. The solution of bromide of nickel of No. 106. Cold pla¬ 
tinum positive 27° at about 150° F., and declined to 10° at 200° F. 
(Compare No. 106.) 

No. 140. Tbe solution of bromide of cobalt of No. 107. Cold pla¬ 
tinum positive 29° at 200° F., and increased to 40 by continued heat. 
(Compare No. 107.) 

No. 141. The solution of chloride of nickel of No. 103. Cold pla¬ 
tinum positive 17° at 200° F., and decreased 10° by continued heat. 
(Compare No. 103.) 

No. 142. 14 oz. of water and \ oz. of very pure hydrate of sodium. 
Hot platinum feebly positive 1^° at 180° F., but increased gradually 
to 74° in half an hour at 200° F. by continued heat, and then, began to 
decline. The needles returned to zero on cooling. (Compare Nos. 87, 
108, 110, and 112.) 

No. 143. The dilute hydrochloric acid of No. 13. Cold platinum 
positive 3° at 200° F., and decreased to 1° by continued heat. (Com¬ 
pare No. 13.) 

No. 144. 6 oz. of water, and 1 oz. of anhydrous sulphate of cobalt. 
Cold platinum positive 6° at 200° F., but declined to 1° by continued 
heat. 

No. 145. The solution of potassic cyanide of No. 109. Hot platinum 
positive 35° at 200° F., and increased to 57 by prolonged heat. No 
signs of corrosion of the plates. (Compare No. 109.) In these two 
instances a difference of metal was apparently attended by a reversal 
of direction of the current (see No. 167). 

No. 146. 6 oz. of water, and ^ oz. of bichloride of mercury. Not 
the slightest sign of a current. Bemarh. This is the most neutral solu¬ 
tion yet found. 

No. 147. 6 oz. of water, and 1 oz. of dry crystals of argentine 
nitrate. Hot platinum positive 5° at 200° F., and increased to 16° by 
continued heat, and was still increasing when the experiment was 
stopped. Bemarh. This solution behaved like one of an alkali. (Com¬ 
pare Nos. 108, 110, 112, 142, and 149.) 

No. 148. 12 oz. of water, and 4 oz. of clear, dry crystals of sulphate 
of manganese. Hot platinum positive 17° at 200° F., and increased to 
25^° by continued heat. Bemarh. This solution also behaves like an 
alkaline one. 

No. 149. 6 oz. of water, containing the carbonate of rubidium from 
2^° oz. of dry and well crystallized bitrartrate of rubidium, which 
yielded the exact equivalent weight of the carbonate by ignition, &c. 
Hot platinum positive 5° at 200° F., and increased to 32° by continued 
heat. The needles returned to zero on cooling. (Compare Nos. 151 
and 153.) 

No. 150. 6 oz. of water, containing the carbonate of caesium, from 
875 grs. of the bitartrate. (N.B.—The salt contained some silica.) 
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Hot platinum became very feeble and very slowly positive 3° at 200° F., 
by prolonged beat. The current declined on cooling.^ 

Ho. 151. 6 oz. of water, containing about 300 grs. of very pure 
fluoride of potassium, quite free from hydrofluoric acid. Solution 
strongly alkaline. Hot platinum positive 15° at 200° F., and increased 
to 18° by continued heat, and then began to decrease. (Compare Ho. 
153.) 

Ho. 152. 6 oz. of water and ^ oz. of clear colourless crystals of pure 
selenate of sodium. Hot platinum feebly positive 1° at 200° F., and 
increased to If ° by continued heat. 

Ho. 153. 6 oz. of water and 565 grs. of fluoride of rubidium, per¬ 
fectly free from hydrofluoric acid. Solution strongly alkaline. Hot 
platinum positive 7° at 200° F., gradually increased to 10° by con¬ 
tinued heat, and then slowly decreased. (Compare Hos. 149 and 151.) 

Ho. 154. 6 oz. of water and about f oz. of clear crystals of sulphate 
of didymium.t Hot platinum positive 3° at 200° F., and increased 
to 4^° by continued heat, and then began to decline. 

Ho. 155. The solution of sulphate of nickel of Ho. 55. Cold plati¬ 
num feebly positive 1° at 100° F., and hot platinum positive 17° at 
204° F. (Compare Ho. 55.) 

Ho. 156. 14 oz. of water and 2 oz. of crystals of chrome alum. Hot 
platinum positive 17^° at 170° F. Ho deflection at 194° F., and cold 
platinum positive 2° at 198° F. Ho signs of corrosion of either pla¬ 
tinum ribbon. 

Ho. 157. 6 oz. of water and f oz. of dry selenious acid. Hot pla¬ 
tinum positive 9f° at 190° F., and 8^° at 200° F. Ho signs of 
corrosion. 

Ho. 158. 7 oz. of water and 2 oz. of solid and colourless sulphate of 
alumina. Cold platinum positive 35° at 200° F. 

Ho. 159. 7 oz. of water and 2^ oz. of dry crystals of green vitriol, 
very slightly oxidized. Hot platinum positive 60° at 198° F. The 
heated part of the solution became quite cloudy, and yielded an 
ochreous deposit, showing a chemical change. 

Ho. 160. The solution of perchloride of iron of Ho. 77. Cold pla¬ 
tinum positive 59° at 200° F. The needles returned to zero on cooling. 
A very slight film of brown oxide was found on that electrode only 
which had been heated, and probably increased its negative condition. 
(Compare Ho. 77.) 

Ho. 161. The solution of permanganate of potassium of Ho. 94. 
Hot platinum positive 17° at 140° F., the deflection diminished to 0 at 
190° F. On cooling the apparatus, the electrode which had not been 
heated became, positive, and when both electrodes were at 56° F. the 

* The bitartrates of rubidium and csesium were prepared by Dr. H. Trommsdorff, 
of Erfurt. 

f Prepared by Dr. Trommsdorff. 
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deflection was 18°. A film of brown oxide was fonnd on that electrode 
only wbicli bad been heated, and it was probably this which made that; 
electrode first neutral and then negative. (Compare Nos. 77, 94, and 
160.) 

No. 162. A deep bine solution of sulphate of chromium, probably 
containing much free sulphuric acid. Cold platinum positive 7-J° at 
180° F,, and 5J° at 200° F. On cooling the liquid the needles returned 
to zero. 

Ido. 163. An aqueous solution of iodide of cadmium. Hot platinum 
was feebly positive 1° at 200° F. 

No. 164. A nearly saturated aqueous solution of pure carbonate of 
sodium. Copper ribbons, 30 inches long and 1J inch wide. Hot 
copper positive 70^° at 200° F. (Compare No. 6.) 

No. 165. The same solution. Iron ribbons, 14 inches long and 
1J inch wide. Hot iron positive 70° at 200° F. No signs of corrosion 
of the iron. Remarks. A cheap liquid thermo-electric battery might 
perhaps be formed by means of this combination. It is well known 
that solutions of alkalies protect iron from corrosion, and lime water 
is used for that purpose. 

No. 166. The solution of sodic hydrate of No. 142. Iron ribbons. 
Hot iron positive 75^-° at 200° F. (Compare Nos. 87, 110, and 142.) 

No. 167. The solution of potassic cyanide of No. 109. Iron ribbons. 
Hot iron positive 44° at 200° F. (Compare No. 109 and 145.) 
Remarks. As an illustration of the absence of corrosive action of this 
liquid upon iron, I took two thin wires of equal dimensions and 
perfectly clean and bright, one of iron and the other of pure gold, 
twisted them together, and immersed them in a solution of potassic 
cyanide in a closed bottle kept at ordinary atmospheric temperature. 
After a few weeks the gold had entirely dissolved and disappeared, but 
the iron remained unaltered in appearance. I also found iron to be 
electro-negative to gold in such a solution. Iron employed also as an 
anode in such a liquid offers a much greater degree of resistance 
than gold to the passage of an electric current. 

Remarks and conclusions. A review of the results obtained with the 
improved apparatus confirms, in nearly all cases, the general conclu¬ 
sions (see p. 528) arrived at by means of experiments with the cylinder 
one. The most conspicuous exceptions yet met with have been obtained 
with a solution of sulphate of manganese (No. 148), chrome alum 
(No. 156), sulphate of nickel (No. 155), and argentic nitrate (No. 
147), probably also of sulphate of iron (No. 159); cupric sulphate also 
(Nos. 15 and 113) appears to be a feeble exception. In some acid 
solutions, also, hot platinum is feebly positive, for instance, dilute 
selenious acid (No. 157), an alcoholic solution of chloride of chromium 
(No. 129), and an aqueous one of ammonic alum (Nos. 96 and 136). 
No instance, however, has yet been met with in which, in the absence 
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of chemical change, hot platinum is strongly positive in a strongly 
acid solution, or strongly negative in a very alkaline one ; the nearest 
approach to this was in the case of aqueous selenious acid. A law 
without an apparent exception is an unusual phenomenon, and, as a 
single real exception will invalidate a general law, if the above ex¬ 
ceptions are real ones, they prove that the theory that acids are 
thermo-electro-positive, and alkalies thermo-electro-negative, is not an 
exact one. 

Some strongly acid solutions give only feeble currents; for instance, 
acid sulphate of potassium (Nos. 48 and 128), and some strongly 
alkaline ones behave similarly, except when persistently heated ; for 
example, potassic hydrate (No. 112), sodic hydrate (No. 142), and 
carbonate of rubidium (No. 149). On the other hand, some neutral 
solutions yield currents stronger than the chemical theory would lead 
us to expect; for instance, chloride of potassium (Nos. 66 and 130). 

One rather common effect observed has been a very great increase 
in the magnitude of the current by continuance of the heat without 
increased rise of temperature, as if molecular inertia or some other 
slowly yielding resistance had to be overcome. This occurred in 
nearly all solutions which were strongly alkaline, and was at one time 
suspected by me to be wholly due to the action of the liquid upon the 
washers ; it occurred freely, however, in experiments with the bent 
tube apparatus in which no washers were employed. The following 
are examples of such an effect:—with carbonate of sodium (Nos. 39, 
40, and 41), carbonate of potassium (Nos. 70, 71, 72, and 121), caustic 
potash (Nos. 108 and 112), iodide of potassium (No. 132), sodic hypo¬ 
sulphite (No. 135), cyanide of potassium (No. 145), carbonate of 
rubidium (No. 149), fluoride of potassium (No 151), and fluoride of 
rubidium (No. 153). It also took place, though less frequently and to 
a less degree, in liquids of acid reaction; for instance, an acidified 
solution of acid chromate of potassium (No. 38), iodate of potassium 
(No. 131), an acidified solution of cupric nitrate (No. 138), bromide 
of cobalt (No. 140), argentic nitrate (No. 147), and sulphate of man¬ 
ganese (No. 148). In some other cases the quantity of the current 
diminished by continuance of heat. 

The whole of the results obtained with this apparatus further con¬ 
firm the conclusion obtained from the results of the experiments made 
with the cylinder one, viz., that, provided chemical action is not present, 
it is the nature of the liquid, and not so much that of the metal of the 
electrodes, which determines the existence and direction of the cur¬ 
rent.^ If also we class under the heads of their respective acids all the 
salts employed in the experiments, and then class them similarly under 
their respective bases, we find that both the direction and the magni- 

* No. 109 is not a real exception to this statement. Compare Nos. 109, 145, and 
167. 
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tude of the current varies with each different base and acid; but in the 
few cases in which electrodes of different metal were employed with the 
same liquid, as with platinum, copper, and iron in solution of sodic 
carbonate in ISTos. 118-164 and 165; with platinum and iron in solution 
of sodic hydrate of Nos. 142 and 166, and with iron and platinum in 
solution of potassic cyanide of Nos. 145 and 167, the quantity only, and 
not the direction, of the current was affected. This agrees with the 
results obtained with the cylinder apparatus, in which a greater variety 
of metals was employed. The only apparent exception to this state¬ 
ment was with iron in solution of potassic cyanide of No. 109; but 
the contradictory result obtained in that case was evidently due to 
the liquid acting upon the washers. 

Cause of the Currents. 

The heat applied to one of the plates must either act as the real 
cause of the currents, or merely as an exciting cause, by liberating from 
a potential state another force which produces them. If it acts as the 
real cause, the effect will be proportional to the heat applied, except in 
those cases where some condition (such as conduction resistance, or a 
reversal of electric polarity) exists to prevent or diminish it. If, how¬ 
ever, it operates merely as an exciting cause, the current would either 
be large in proportion to the amount of heat applied, or vary in a 
different ratio to the temperature, because the liberated force would 
probably obey a different and higher law of increase than that of the 
temperature. The substances also, having evolved a portion of their 
stored-up power, would be in a different potential condition after an 
experiment to what they were before it. If, however, we examine all 
the results, we find that in nearly the whole of the instances the cur¬ 
rents increased in magnitude (usually in approximate proportion) with 
the temperature, and the metals and liquids after an experiment were 
in precisely the same physical and chemical state as they were before it, 
and might therefore be used again for the same experiment any number 
of times without loss of efficiency. 

Heat alone, or chemical affinity excited by heat, appears to be the only 
probable cause of the currents. That chemical action, started by heat, 
did not produce them, appears certain—1st, because no corrosive effect 
(shown by loss of brightness) was manifested upon the plates, even 
after many experiments, except in certain cases, and this was quite a 
delicate test;* nor in the great bulb of the instances did any other 

# As the plates were burnished, a change of brightness was a much more delicate 
test than any loss of weight, I therefore did not test for corrosion by weighing them. 
To generate a current also of equal amount to that produced in some of the in¬ 
stances, an appreciable amount of metal would have been required to dissolve. 
Further; no signs of dissolved platinum, gold, or palladium were observed in the 
residues obtained on evaporating and crystallizing the various liquids, in those cases 
where no signs of corrosion had been observed upon the plates. 
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chemical change occur; and, 2nd, because when chemical action of any 
kind did take place, it either produced no electric currents, or it pro¬ 
duced currents either in a reverse direction, or greater in amount than 
those due to the heat. It also in nearly all such cases either caused the 
plates to lose their lustre, produced a deposit upon them, or made the 
liquids change in colour or become cloudy. In consequence of these 
different effects, the apparatus and method of experiment may be em¬ 
ployed for detecting some of the chemical (as well as the electrical) 
effects of heat upon electrically conducting liquids. hTo signs of elec¬ 
trolytic action, or deposition of metal, even in the most suitable solu¬ 
tions, such as those of copper, were observed ; and there was no reason 
to suppose that the metal plates contained occluded gases. The pheno¬ 
mena were also inconsistent with the supposition that the heat operated 
by temporarily dissociating the constituents of the liquid. (Compare 
ISTos. 77, 94, 159, 160, and 161.) The fact also that the currents pro¬ 
duced in acid liquids were opposite in direction to those which would 
have been produced by chemical action, is very strong evidence against 
the cause being chemical. From these various circumstances it is clear 
that, except in those cases where signs of chemical change were 
detected, heat was the true and only cause of the currents, and not 
merely an exciting cause of chemical action producing them. 

Although heat is the true and only cause of the currents, it may 
operate either in a direct manner in producing them, or through the 
agency of some intermediate force. If it operates through some other 
force, then an action of that force must form an essential part of the 
phenomena. As the cmrents are not confined to magnetic liquids, 
magnetic action cannot be an essential condition. Light also does not 
manifestly influence the results, and chemical action can be excluded; 
and the only forces likely to be active in the circumstances of the case 
are those of cohesion and adhesion. We know that rise of tempera¬ 
ture usually diminishes both these powers, expands both solids and 
liquids, and rearranges their molecules; it usually diminishes the adhe¬ 
sion of liquids to solids ; and in certain cases it even disassociates the 
elements of a compound. As the action, however, which produces the 
current always requires tivo substances, viz., a liquid and a metal, and 
evidently occurs either wholly or chiefly at their immediate surfaces of 
mutual contact, we may conclude that it is not an effect of heat upon 
the force of cohesion in the mass of liquid or of metal. 

Although various effects of heat upon cohesion and adhesion must 
occur in the metals and liquids employed in these experiments, and 
cannot be excluded, they may still not necessarily form an essential 
part of the phenomena, but be only concomitant circumstances, and the 
existence of the electric currents may be in no degree dependent upon 
them. As also the currents continue not only during the rise and fall of 
temperature, but likewise during a stationary and prolonged difference 
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of it, and are not reversed in direction during the cooling, it is evident 
that they cannot be due to the act of diminution of cohesion or adhe¬ 
sion produced by the heat. As, further, all the substances employed 
are in precisely the same physical and chemical states after an experi¬ 
ment as they were before it, and as the portion of heat expended in 
raising the temperature, expanding the substances, and diminishing 
their cohesion and adhesion, must have been given out again on the 
cooling and contracting of those bodies, that portion cannot have been 
expended in producing the currents. From these considerations I con¬ 
clude that neither the force of cohesion, nor that of adhesion, acts as 
an intermediate cause of the currents, and that the latter are, in an 
ordinary sense of the word, direct effects of the heat. (It may be 
further remarked that if a change of the force of cohesion, or of that 
of adhesion, gave rise to the currents, then such a change when pro¬ 
duced by other means than heat (such as enormous pressure) must be 
capable of causing similar effects.) 

As heat was the true, immediate, and only cause of the currents, the 
action may, in accordance with usage in similar cases, be properly 
termed thermo-electric; and as heat was the only force expended, we 
may also, in accordance with the great law of conservation of energy, 
safely conclude that heat disappeared in the process. And as it is the 
nature of the liquid which most determines both the existence of the 
current and its direction, it is true thermo-electric action of liquids, 
and liquids possess true thermo-electric properties. 

The heat must, however, be subject in its operation to some guiding 
condition which determines the kind of effect to be produced, and both 
the cause, heat, and the effect, electricity, must be essentially related 
to that condition. Such a condition appears to be the acid or alkaline 
nature of the liquid; as, however, chemical action is not necessary, and 
different liquids of acid reaction (or of alkaline reaction) give a reverse 
direction of current, the chemical conditions of acidity or alkalinity 
are probably only concomitant circumstances, and do not really, but 
only apparently, determine the kind of effect; and as those conditions 
are usually of an opposite kind in liquids which yield an opposite 
direction of current, and are in most cases stronger as the currents are 
more powerful, they are probably themselves dependent upon some 
more general condition which itself determines the direction of the 
currents. 

A single clear exception invalidates a general inference, and indi¬ 
cates the existence probably of the action of a second law, or of a more 
general cause or condition. That the thermo-electric-negative pro¬ 
perty of a liquid is separable from and may exist without the alka¬ 
line property, is clearly proved by the exceptional direction of the 
current in solutions of selenious acid (No. 157), sulphate of nickel 
(No. 155), nitrate of silver (No. 147), chrome alum (No. 156), sul- 
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phate of manganese (No. 148), and probably also sulphate of iron 
(No. 159); and in a less conspicuons degree in solutions of sulphate of 
copper (Nos. 15 and 113), sulphate of didymium (No. 154), and other 
substances. 

These anomalous results indicate the existence of a deeper seated 
condition of the currents than that of the acid or alkaline nature of 
the liquid, because the currents in those instances are not merely 
altered in quantity but actually reversed. And this deeper condition 
must also affect the quantity of the current in different cases, because 
a diminution of quantity is a step towards a reversal of direction, and 
an actual reversal is probably only an extreme degree of the same 
change. 

This more abstruse condition consists probably of the structural 
arrangement of the molecules of the liquid; for we know as a matter 
of course that tridimensional geometrical, as well as mechanical condi¬ 
tions of the molecules must be fundamentally involved in the action. 
It is also probable that as the chemical and electrical phenomena in 
these experiments are usually coincident in their changes, this hidden 
condition is of a more general kind than either, and determines not 
only the acid or alkaline reaction of the solution, but also the produc¬ 
tion and direction of the currents ( i.e ., it determines whether the heat 
shall produce a current at all, and also the direction of the current pro¬ 
duced) ; and that these two effects, the chemical and electrical, are but 
concomitant ones. It is, however, evident that heat acting upon a 
saline conducting liquid in the manner described is not alone sufficient 
to cause a current, but that another condition is necessary, because 
with some good conducting solutions, such as were used in Nos. 47, 
49, 51, 57, 67, 69, 75, 90, 122, and especially No. 146, little or no cur¬ 
rent was produced. 

The heat then acts as the real cause of the currents, and a par¬ 
ticular molecular state of the liquid probably determines the kind and 
direction of effect the heat shall produce, and as we also know that the 
molecular structure of all bodies is profoundly altered by change of 
temperature, we may reasonably conclude that whilst a portion of the 
heat is absorbed in temporarily changing the molecular structure, and 
is again set free when the structure returns to its original state during 
the process of cooling, another portion is expended and lost in pro¬ 
ducing the current. 

According to this interpretation the phenomenon of the current is a 
product of three circumstances, viz., 1st, a particular molecular struc¬ 
ture of the liquid; 2nd, a change of the latter by alteration of tempe¬ 
rature ; and 3rd, a direct conversion of heat info dynamic electricity; 
such conversion being dependent upon the two prior conditions. The 
second circumstance also agrees with the fact that in certain liquids, 
for instance, Nos. 130, 139, 155, 156, 157, and 162, the current does 
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not increase uniformly with the temperature, but in some cases 
diminishes, and in others, for instance, Nos. 155 and 156, is actually 
reversed. 

The following table and diagram represent the change which 
occurred with the solution composed of 14 oz. of water and 2oz. of 
chrome alum (No. 156); (those of sulphate of nickel (No. 155), and 
bromide of nickel (Nos. 106 and 139), are also shown for three tempe¬ 
ratures each in the diagram). The dotted lines represent the elec¬ 
trical states of the heated platinum. 


F. 


52°- 

0. 

60 - 

11 platinum positive. 

70 - 

If ->• 

80 - 

a* 

90 - 


100 - 

4i —. 

110 - 

6 — . 

120 - 

7 — . 

130 - 

11 — . 

140 - 

14 

150 - 

16* — . 

160 - 

17* -■ 

170 - 

15 —. 

180 - 

8*-.- 

190 - 

2 — . 

194 - 

0. 

198 - 

2 <— cold platinum positive, 

200 - 

1 —. 

201 - 

1 —> hot platinum positive. 
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These diminutions of current and reversals of its direction by rise of 
temperature indicate irregular molecular changes in the layer of liquid 
next to the heated plate; and the examination of electrically conduct¬ 
ing solutions by this apparatus and process constitutes a new mode of 
discovering such alterations in them. By obtaining also a sufficient 
variety and number of instances of such change, for comparison, classi¬ 
fication and generalization, we may probably be enabled to infer and 
discover some general truths respecting molecular action, or gain some 
knowledge of the molecular conditions necessary for the conversion of 
heat into dynamic electricity. As also molecular change is a funda¬ 
mental action in bodies, and many of the secondary properties of sub¬ 
stances depend upon molecular state, an alteration of the former is 
usually attended by more than one of the latter ; and we may there¬ 
fore reasonably infer that the foregoing change in the electrical pro¬ 
perties of a solution of chrome alum and other liquids is attended by 
other coincident physical changes, such, for instance, as that of expan¬ 
sion, or of specific heat capacity. 

According to the contact theory of voltaic action, a metal touching 
another metal, or touching a liquid, tends to produce an electric cur- 
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rent by the mere contact alone, and when this contact effect of a 
metal with a liquid differs in strength with two different metals, such 
metals, each at the same temperature, and immersed in a liquid of that 
temperature (whether cold or hot, and without the aid of chemical 
action), generates a current, provided the contact effect of the metals 
themselves does not neutralise that of the metals and liquid. 

Such an effect has been already obtained. Becquerel, for instance, 
immersed pure platinum and gold in various acids, ammonia, and 
neutral saline solution, and obtained very feeble currents. He con¬ 
cluded that the state of the surface of the metals had great influence, 
and that consequently capillary affinity played a very important part 
in producing the effects. (See “ Comptes Rendus Acad. Sci,” Paris, 
1870, pp. 480, 961, 1313; also “Chemical News,” vol. xxii, p. 21, 
and vol. xxiii, p. 222.) As neither gold nor platinum is perceptibly 
corroded by dilute acids, nor usually by saline liquids, at ordinary 
atmospheric temperatures, any electric current produced by such a 
combination can only be due to contact, either of the metals with each 
other or with the liquid. 

According to these facts, as in the thermo-electric apparatus there 
is no contact of dissimilar metals, both the contact of the cold metal 
(as well as that of the hot one) with the liquid, tends to generate a 
current, and rise of temperature makes the warmer metal only more or 
less electro-positive than it was previously. Another reason also for 
concluding that both the cold and the hot piece of metal, at each 
different temperature, tends to generate a current, is, that with two 
pieces of the same metal at 60° F. in the apparatus, if one was made 
colder, a current was produced in the same direction as when the other 
was heated. The electrical effect, therefore, is a result of a difference 
of action at the surfaces of contact of the two pieces of metal with the 
liquid ; and the apparatus and method may be employed for detecting 
differences of electric potential between metals and liquids at different 
temperatures. 

In addition to Yolta and Becquerel, others, viz., Pfaff, Pechner, Peclet, 
Matteucci, Kohlrausch, Marianini, Hankel, Zamboni, Buff, and Thom¬ 
son, have investigated the contact theory of voltaic action, and Clifton 
has examined the difference of electric potential produced by the 
contact of metals and liquids (see “ Proc. Roy. Soc.,” 1877, vol. 
xxvi, p. 299), but the metals he employed were easily corrodible ones, 
viz., zinc, iron, and copper. 

As in my experiments the origin of the current appears to lie in a 
conversion of heat into electricity, and heat probably disappears in the 
process, it is a reasonable inference that, in the above experiments of 
Becquerel’s, &c., heat also disappears and produces the currents; and, 
if this be correct, then it is also likely that, when a piece of metal is 
simply immersed in a suitable liquid, the temperature is altered; and 
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this would be a parallel fact in the science of heat to that of the pro¬ 
duction of electricity by contact action in electrical science. 

This research throws some light upon the origin of the voltaic cur¬ 
rent, and the results accord with the original contact theory of Volta (of 
late years revived in this country), that electric currents may be pro¬ 
duced between metals and liquids, by mutual contact, without the aid of 
chemical action. 

I should much like to determine, by actual experiment, various 
points suggested by this research :—1st. Whether, by the mere contact 
of a metal and liquid, an alteration of temperature is produced. 2nd. 
To make a model thermo-electromotor, composed of iron and a solution 
of sodic carbonate; and ascertain its electromotive power, and whether 
a series of several such cells will electrolyse a liquid. 3rd. To test 
the effect of rough and smooth surfaces of the plates. 4th. To en¬ 
deavour to obtain an electric current with iron plates under the in¬ 
fluence of magnetism. 5th. To search for other instances of molecular 
change, also for other physical changes (such as that of irregular 
absorption of heat) coincident with the molecular ones. 6th. To com¬ 
pare the electromotive power of a platinum pair against one of iron, 
gold, silver, &c., and to settle other questions which have occurred to 
my mind. 

(Added March 17, 1878.) 

The thermo-electric properties of liquids appear to be related to the 
statical electric effects of the contact of metals with liquids. Peclet 
found that platinum and gold exhibited, by contact with acidulated 
water, electric signs contrary to those which would have been pro¬ 
duced had those metals been oxidised or chemically corroded; also, 
that they gave opposite electric signs with solutions of potash, am¬ 
monia, or hydrosulphate of potassium, to those which they gave with 
dilute nitric, hydrochloric, or sulphuric acid. (See “ Annal de Chim.,” 
1841, vol. ii, pp. 233-255; “Arch, de l’Elect.,” 1841, vol. i, pp. 621- 
650; andDe la Hive’s “Treatise on Electricity,” English edition, vol. ii, 
p. 849,) Pfaff, also, found those metals exhibit opposite electric signs 
by contact with solutions of caustic potash, soda, or ammonia, to those 
obtained by contact with strong nitric, hydrochloric, or sulphuric 
acids. (See Poggendorff’s “Annalen,” 1840, vol. Ii, pp. 110-124, 
197-212; Wiedemann’s “ Gralvanismus,” 1872, vol. i, p. 32; and 
Peschel’s “Elements of Physics,” vol. iii, pp. 73-75.) Buff obtained 
similar results to the above, with platinum in contact with solution of 
potash, dilute nitric or sulphuric acid, commercial nitric acid, and in 
fully concentrated nitric acid. (See Liebig’s “Ann. de Chem. and 
Pharm.” 1842, vol. xlii, pp. 5-14; “ Archives de 1’Elect.,” 1843, 
vol. iii, pp. 561-572 ; Wiedemann’s “Galvanismus,” 1872, vol. i, p. 29.) 
Each of these investigators also found platinum become charged with 
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positive electricity by contact with acids, and with negative by contact 
with alkalies ; and its electrical condition in acids to be the opposite of 
that which would have been produced by chemical corrosion. All these 
results agree with mine. The statical electric effects which Pfaff. 
obtained with other liquids, such as solutions of argentic nitrate, cupric 
sulphate, ferrous and ferric sulphates, and other salts, also agree in the 
main with the dynamic ones obtained with my apparatus. Rise of 
temperature, therefore, usually only increased and sustained the differ¬ 
ence of electric condition between metals and liquids which contact 
produced ; and this effect was the same in acid and alkaline solutions. 
As also the direction of the current agreed usually with that of electric 
polarity produced by contact, if we know that of the one at a particular 
temperature, that of the other may be predicted from it. These con¬ 
siderations also indicate the existence of a zero of temperature for each 
pair of substances, below which contact would not develop electricity 
in them. 

(Added March 25, 1878.) 

Since writing the above, I have met with a paper by M. Pouillet on 
44 Hew Phenomena of the Production of Heat,”* in which the author 
stated, that at the instant a liquid wets a solid, or is absorbed by it, 
there is a disengagement of heat, and proved this statement by nu¬ 
merous experiments, made with a variety of substances, in such a 
manner as was likely to secure trustworthy results. The liquids 
employed were confined to water, oil, alcohol, and acetic ether only; 
but the solids were very various, chiefly organic substances, but in¬ 
cluding also (in a state of fine division) porcelain, glass, clay, carbon, 
sulphur, silica, alumina, magnesia, oxides of chromium, the peroxides 
of iron and of manganese; also finely-powdered metals, viz., iron, zinc, 
tin, antimony, and copper. The rise of temperature found with in¬ 
organic bodies varied from *2 to *5 of a C. degree, and lasted from two 
to four minutes, and then the temperature returned to its former state. 
Regnault has confirmed the general result.f 

As the mere contact of metals and liquids develops heat, and as 
(without the aid of chemical action) heat excites an electric current, 
and the direction of the current produced by heating platinum in con¬ 
tact with either acid or alkaline solutions, agrees with the signs of 
static electric polarity excited by the contact of that metal with those 
liquids, we may reasonably conclude that the heat and free electricity, 
excited by such contact, are related to each other, either as cause and 
effect, or as coincident effects of some other cause contained in the act 
of contact. 

* “ Annales de Chimie et de Physique,” 1822, vol. xx, pp. 141-162. 

f “ Annales de Chimie et de Physique,” 1841, vol. i, p. 133. Gmelin’s “ Hand¬ 
book of Chemistry,” vol. i, p. 300. 
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